One-dimensional coordination polymers containing penta-supertetrahedral sulfide clusters linked by dipyridyl ligands by Jingli Xie ( Univ Calif, Dept Chem) et al.
One-dimensional coordination polymers containing penta-
supertetrahedral sulfide clusters linked by dipyridyl ligands
Jingli Xie,a Xianhui Bu,b Nanfeng Zhenga and Pingyun Feng*a
Received (in Berkeley, CA, USA) 14th June 2005, Accepted 10th August 2005
First published as an Advance Article on the web 13th September 2005
DOI: 10.1039/b508470a
Three new one-dimensional coordination polymers
[Zn8S(SC6H5)14?C12H10N2](1), [Zn7CoS(SC6H5)14?C13H14N2](2)
and [Zn8S(SC6H5)14?C13H14N2](3) have been prepared contain-
ing penta-supertetrahedral clusters and linear crosslinking
dipyridyl ligands; the two complexes show optical transitions
with band gaps of y3.44 eV (1) and y3.54 eV (2).
The presence of transition-metal thiolate clusters at the metal-
sequestering active sites of the metallothionein proteins highlighted
interesting structural and biological implications.1 The interest in
these clusters has also led to a broader examination of other
novel aspects including semiconductivity, photophysical and
photochemical properties.2 Dance et al. reported many metal
thiolate anions including [Cd8E(E9Ph)16]
22 (E, E9 5 S, Se, Te),
[M10S4(SPh)16]
42 (M 5 Zn, Cd) that crystallized as quaternary
ammonium or phosphonium salts.3 Neutral metal thiolates are
also known that usually display either molecular or three-
dimensional structures.4,5 In the case of polymeric structures,
thiolate clusters are typically linked through sulfur sites at the
corners of each cluster.4c–d
There are few reports of transition-metal thiolate clusters
linked by organic ligands. Such inorganic–organic hybrid
materials may possess unique optical and photochemical pro-
perties due to the synergetic effect of both inorganic and organic
components. For example, it was observed earlier that the
photoluminescent properties of inorganic clusters could be
enhanced by the presence of organic linkers that can absorb
photon energies and transfer them to inorganic clusters.6 Such
materials may also have applications as visible-light driven
photocatalysts with enhanced efficiency.6 We now describe the
synthesis and structural characterization of three neutral penta-
supertetrahedral clusters linked by organic ligands to form
different one-dimensional arrays.
All compounds were prepared by hydrothermal synthesis.7 Fig. 1
depicts the cluster structure found in all three phases. The central
S22 ion is coordinated to four inner Zn atoms that are each
connected to three doublely bridging SC6H5 ligands. The central
SZn4 (denoted anti-supertetrahedral cluster or anti-T1) unit
is capped on four faces by two ZnS4 (regular supertetrahehdral
cluster or T1) units and two ZnS3N units (Fig. 1), resulting in
a cluster denoted as P1.6 Clusters consisting of an anti-super-
tetrahedral cluster at the core and four regular supertetrahedral
clusters coupled to each face of the anti-supertetrahedral cluster
are called penta-supertetrahedral clusters, denoted Pn.6b,6d
All Zn atoms exhibit four-coordinate tetrahedral coordination.
In 1, zinc–sulfur bond lengths range from 2.256(4) to 2.418(3) Å
with relatively small variation, in contrast to the large variation
found in the [Zn8S(SCH2C6H5)16]
22 complex.6c The P1 cluster in 1
features two nitrogen ligand atoms from trans 1,2-bis(4-pyridyl)-
ethylene) ligands that link the clusters to form a 1-dimensional
zig–zag chain (Fig. 2). The zinc–nitrogen bond lengths are
2.007(11) and 2.020(8) Å, slightly less than that reported in
Zn10S4(SC2H5)12L4 clusters.
5
The use of the proper sulfide source is essential for the
formation and assembly of the P1 nanocluster. Instead of the
direct addition of Na2S, sulfur or NaSH that may cause rapid
precipitation of ZnS, thiourea is employed here to provide a
gradual release of S22 that may serve to promote crystal growth.
In addition, the bridging dipyridyl ligand has two functions. It acts
as a neutral ligand in place of two terminal SPh2 ligands to reduce
the negative charge on the cluster to zero and in the meantime acts
as the linker to assemble the P1 cluster into the 1-d chain structure.
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Fig. 1 (a) Ball and stick representation of the P1 cluster. Red: Zn,
yellow: S; and blue: N. (b) Polyhedral representation of the P1 cluster.
Red: SZn4 anti-T1 cluster and blue: ZnS4 and ZnS3N T1 cluster. Phenyl
groups are not shown for clarity.
Fig. 2 1-D zig–zag chain structure in 1.
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Introduction of transition metal ions containing spin carriers
into this system may induce interesting magnetic properties. Green
cube-shaped single crystals of [Zn7CoS(SC6H5)14?C13H14N2](2)
containing a heterometallic cluster were prepared by a route
similar to that used for 1.7 The clusters in 1 and 2 are nearly
identical with similar observed Zn–S and Zn–N bond lengths
(2.260(3)–2.387(3) Å and 2.024(8)–2.039(10) Å, respectively). Due
to the similar scattering factors between Zn and Co, the
concentration of the Co ion could not be determined reliably
through crystallographic refinement and the Zn to Co ratio of 7
was determined by inductively coupled plasma spectrometry
(metal composition: Zn: 20.1%; Co: 2.6%). The length of 1,3-
bis(4-pyridyl)propane (distance between the nitrogen atoms) in 2 is
9.676 Å, compared with 9.192 Å for 1,2-bis(4-pyridyl)ethylene)
in 1. The substantial difference between two ligands leads to two
distinctly different chain conformations (Fig. 2 and 3).
The linking mode similar to that found in 2 is also found in 3.
The Zn–S and Zn–N bond lengths in 3 range from 2.286(5) to
2.404(4) Å and from 2.043(8) to 2.048(10) Å, respectively. Also,
compared with that in 2, the length of the linker in 3 is shorter
(8.638 Å) (Fig. 3), which demonstrates the conformational
flexibility of 1,3-bis(4-pyridyl)propane.
The optical properties of these systems are of interest8 and Fig. 4
displays the UV absorption spectra of 1 and 2. The optical
transitions likely originate from charge transfer from the tetra-
hedral sulfur atom to nearby metal atoms.8a,9 The estimated band
gaps are y3.44 eV for 1 and y3.54 eV for 2.
In summary, 1, 2 and 3 feature penta-supertetrahedral clusters
(P1) linked by bipyridyl ligands in one-dimensional polymeric
chains. The present controlled assembly process holds considerable
promise for the development of materials featuring larger clusters
linked in one, two- or three-dimensional arrays.8a,10–12 Different
organic linkers with various functionality are being actively
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Ka) 5 2.294 mm21, l 5 0.71073 Å. A crystal of dimensions 0.15 6 0.10 6
0.10 mm3 was collected at 298 K. GOF 5 1.072. v-Scans covering
reciprocal space up to hmax 25.00u with 99.9% completeness, total of 57 482
reflections (17 212 unique) with Rint 5 0.0887. Final R(F) 5 0.0871,
wR(F2) 5 0.2753 with I . 2s(I). The carbon atoms on phenyl rings are
disordered and constrained during refinement; C97H84CoN2S15Zn7 (2),
M 5 2275.08, monoclinic, space group P21/c, a 5 19.0847(15) Å,
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